A detailed knowledge of rheological properties is also important for calculat ing pump dimensions as well as for evaluating mix ing processes and pouring performance during the emptying of containers -in short all operations relating to transport and handling. This is specially important in view of the non-Newtonian flow exhibited by these materials. They often exhibit even viscoelastic properties which are very much de pendent on time. It is therefore important to determine the dependence of viscosity on the shear gradient t according to the equation on the one hand, and on the other on the volume con tent and composition of the disperse phase. In the above equation <1> = volume concentration of the dis perse phase and x the concentration of the various components in the disperse phase.
Various methods may be used to characterise the flow properties of a suspension of solid particles, two of which are described below.
The first method (,sequential" method) is based on the processing of experimental data concerning the effect of shear gradient on viscosity, using simple rheologi cal models. These provide rheological parameters with which the relation between viscosity, volume content and composition of the disperse phase can be repre sented in sequence. The second method can be regarded as a ,simultane ous" method. Here, one determines the complex de pendence ofg viscosity on shear gradient, volume con tent and composition of the disperse phase, using a universal model working with only one computer pro gram, i.e. ,simultaneously".
Experimenteller Teil

Apparaturen
Viskosimete r
The purpose of this article is to demonstrate the uses of these two methods, with examples.
Experimental details
Apparatus required
Viscometers
• Rotovisco Haake RV 100 (coaxial cylinders). Couette system viscometer, measuring system CV 100, measuring equipment ZB 15,
• Rotovisko Haake RV 100 (koaxiale Zylinder), Couette System Viskosimeter, MeBsystem CV 100, MeBeinrichtung ZB 15, 
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• Sample 2, with ZnO; pigment content: 30 %, solids content: 60 %
Test method
The determinations were carried out under station ary shear, the shear gradi ent being kept constant until a constant shear stress figure was obtained. 
MeBergebnisse und Erlauterungen
Test results and explanations
The mill bases examined proved to be shear-depend ent, slightly thixotropic materials. Shear stresses pro duced no irreversible structural degradatton proc esses. Equilibrium values were achieved spontane-.
ously at shear rates above 3 s· 1 and within a few mtn utes at lower shear rates.
The rheological relationships can be connected with various models, the relations for which are given in appendix 1.
Sequential method
This method is used initially to determine the depend ence of viscosity on shear rate, using simple correla tion models which provide useful parameters such as yield point (1 0 ), viscosity at ,infinite" shear rate (TlJ as well as, in the case of the Herschei-Bulkley model, the index n with which it is possible to distinguish between shear thickening and shear thinning (appendix 1).
The effect of changes in volume content and composi tion of the disperse phase on viscosity can then be determined, likewise with the helpf of the above men tioned rheological parameters.
Let us now examine the application of this method, using a series of five different samples. Samples 1 and 2, as well as three blends thereof were used for these tests, the blends being 1:3, 1:1 and 3:1 parts by weight.
According to Fig. 1 
Simultaneous method
This method was used for the five sample tested ac· cording to the above described method, to achieve a more comprehensive characterisation of flow charac· teristics. The decisive parameter ist the relative vis· cosity 11 , , defined as the ratio of the viscosity of the suspension and that of the unpigmented medium.
The relative viscosity shows a great dependence on volume, so that the Maron-Pierce model for viscosity
has to be used. Here, the parameter <P m or A.= 1 I <P m describes the maximum volume concentration of the disperse phase under the different conditions. A. de· pends on the shear rate and the composition of the disperse phase. The latter dependence can be charac· terised by the following formula which applies to two· part systems:
Here, /... 1 2 covers the effect of mixing two different kinds of particle. It is composed of the parameters A. 1 and /... }he pure components through geometric means formation according to the following equation:
Here, C 12 is an interaction parameter which can be obtained from experimental data by an adaptive calcu· lation. between the particles are noticeable and can therefore produce a specific structure.
A. , on the other hand, stands for the structure that is a pparent even under conditions of maximum shear, coupled with maximum shear rate. Accordingly, for <l>m the maximum value <l>m-applies. In addition, it is possi ble to determine a ,critical" shear rate at which the forces promoting forces which counteract structure formation. The critical shear rate 1 , is marked by the turning point in the diagram of A. vs. 1·
The aspects of the Maron-Pierce model are shown in detail in appendix 2. Its use in the case of the five sys tems under test resulted in a satisfactory correlation between experimental and calculated data.
The relative viscosity 11 , was determined for different values of <)> as a function of the zinc oxide content, at high shear rates (Fig. 2) . as well as at low ones (Fig.  3) . The method thus provides the relation between viscosity and volume as well as the consistency of the disperse phase under the conditions of shear preva lent in the coatings industry. The model used for the purpose is evidently well suited for predicting material Das Simultanverfahren erwies sich zwar generell als dem Folgeverfahren uberlegen, dennoch ve rmag letzteres ebenfalls wichtige lnformationen uber die FlieBeigenschaften zu liefern; hierzu zwei Beispiele.
The ,simultaneous" method proved to be generally su perior to the ,sequential" method, although the latter is also capable of providing important information about flow properties, as the following two examples show.
In the first experiment the dispersing process for mill base ,B" was examined. Herschei-Bulkley and Saunders models. Table 2 shows the figures for the yield point and the Hegman value (ASTM 121 0-64). In this case, too, there was found to be good agreement between the calculated and the experimentally determinded figures.
The effect of temperature is shown in Fig. 5 , whilst Table 3 gives comparative data for four correlation models.
The models produce quite consistent values for the yield point, t0, with the exception of the Casson model. There were, however, marked differences as far as ll_ was concerned. The cause may be that the shear rate range used was inadequate, because of the measuring instruments employed, in other words the .,infinite" viscosity is markedly influenced by the model structure. Moreover, there is a typical temperature dependence in the case of t 0 as well as TJ_, in the former case in almost linear increase with tempera ture, in the latter a type of Arrhenius relation. .. e:. meter ist hier die relative Viskositat Tl, Wenn sich der artige Messungen uber einen ausreichend groBen Be reich des Schergefalles erstrecken, lassen sich hier aus, wie sich an den untersuchten Systemen zeigte, Voraussagen uber das Verhalten in der Praxis ableiten.
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Conclusions
Two methods can be used to characterise the flow properties of mill bases. These take account of the effect of volume content and composition of the dis perse phase.
The data obtained by the ,sequential" method reflect, above all, the dependence of flow on the shear rate . The correlation models relating to this provide the cor responding rheological parameters which are suitable for a number of purposes, e.g. assessment of the de gree of grinding and the effect of temperature on vis cosity.
The ,simultaneous" method proved to be of more gen eral significance. it can also be used to characterise flow properties at varying shear rates, as well as vol ume content and composition of the disperse phase. The method is based on the preferred use of only one model and therefore also one method of calculation. The decisive parameter in this case is the relative vis cosity TJ,. If such determinations extend across a suffi ciently wide shear rate range, it is possible to predict practical performance, as has been proved by the systems examined.
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